A modified closed circuit, oxygen dilution method for the measurement of residual volume (RV) was compared to the method described by Wilmore (1969). The major difference in equipment was the substitution of a 7 liter calibration syringe and rubber rebreathing bag for the wet spirometer in the original procedure. Duplicate measurements of RV were made with each method in random order of 90 subjects (45 M, 45 F) age 18 to 69 (mean = 31 yrs). Test-retest correlations were r = .996 for males and r = .992 for females with the modified method. For the pooled data (n = 90) the correlation between the criterion method and the modified method was r = .996, with a mean difference of 3 mls between methods and a standard error of prediction of 36 mls. The dead space in the modified method was 69 mls whereas the spirometer method dead space was 1.140 liters. The modified RV method has less dead space, requires less costly aomponents, provides a faster and less cumbersome procedure, and obviates the need to maintain a fixed water level in a spirometer for constancy of dead space.
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INTRODUCTION
The residual lung volume (RV), defined as the amount of air remaining in the lungs after a maximal expiration, is not accessible to direct measurement (Boutellier & Farhi, 1986) . Measurement of RV is only accomplished through indirect measurement. The indirect methods most commonly used include (Christie, 1932) : 1) the pneumatometric method, with use of the whole-body plethysmograph; 2) the closed circuit method, where there is dilution and eventual equilibration of an insert tracer or indicator gas such as helium, hydrogen, or nitrogen; and 3) the open circuit method, where nitrogen is "washed outM of the lungs during a specified period of oxygen breathing.
The accuracy in measurement of RV is very important in the appraisal. of pulmonary function and if this measurement is used along with the vital capacity and total lung capacity, one can evaluate the ability of the individual to provide alveolar aeration. The RV perc@nt of total lung capacity is a l s o a measurement used to quantify the severity of pulmonary emphysema. Residual volume has also been the most widely used l.ung volume in the hydrostatic weighing technique. According to Welch and Crisp (1958) , since RV is the smallest lung volume it is the least affected by hydrostatic pressure and, therefore, the volume of choice.
Statement of the Problem
The problem in this study was to determine if there is a , significant difference in the RV calculated by a closed circuit spirometer method compared to a closed circuit bag method.
Need for the Studv
The use of a spirometer is common with closed circuit, oxygen dilution RV methods. The cost of a spirometer similar to the 0r.e used in the current study is approximately $2,550. The fact that the gas volume is contained over water can pose problems. For example, the water level must be consistently checked to maintain accurate dead spaces and the dead spaces are large and difficult to measure with accuracy. Since the dead space is large more time is required to reach equilibrium. FOP these reasons, a method to measure RV without a spirometer is needed.
PurDose
The purpose of this study was to compare RV obtained with a closed circuit, oxygen dilution spirometer method to RV obtained with a closed circuit, oxygen dilution bag method using a wide range of subjects. A reduction in the time and cost of RV measurement was expected with the bag method. In addition, the validity and reliability of both methods were to be tested.
Hvlsotheses
The hypotheses of this study ware stated in the null form .
1. There is no significdnt difference between biV measured by the spirometer method and the bag method.
2. There is no significant difference between repeated measures of RV by the bag method.
3. There is no significant difference between repeated measures of RV by the spirometer method.
4. There is no significant difference between RV measurements obtained by the first method tested and the second method tested (i.e., there is no ordering ,.ef f act) .
Assumlstions
The assumptions of this study were:
1. All subjects expired maximally in all RV trials.
2. All instruments functioned properly and provided accurate values.
3.
All subjects were free of any respiratory impairment which would affect the accurate measurement of RV.
.
All subjects answered the questionnaire accurately.
Limitations
The limitations of this study were:
1. True randomization was not achieved, as all subjects were volunteers.
2. The trials for each RV method was limited to two.
3. It was difficult to determine how well subjects performed the breathing maneuvers.
Delimitations
The delimitations of thi; study ilere:
1. All subjects were volunteers from the La Crosse, Wisconsin area.
2. All subjects were considered in good health.
3. All subjects were between the ages sf 18 and 69 years.
Definition of Terms
The following terms were used in this study. Alveolar Nitroaen ( A N ) -percent nitrogen in the alveolar air at the beginning of the experiment (Wilmore, 1969) .
BTPS -body temperature (37 degrees C), ambient pressure, and 100% water saturation. Used for all gss measurements dealing with lung volumes (Fox, Bower, & Foss, 1988) .
Closed Circuit,-Oxvaen Dilution -rebreathing oxygen in a closed system to determine a lung volume (Wilmore, 1969) .
Dead Sgace -the volume of gas which cannot be emptied from I the connecting apparatus of the RV system, Equilibrium Nitroaen (EN) -percent nitrogen in the spirometer or bag after equilibrium has been reached.
Final Nitrogen (FNL -percent nitrogen in the lungs at the point of equilibrium.
Im~uritv Nitroaen (IN1 -percent nitrogen in the spirometer or bag at the beginning of the procedure.
O~e n Circuit Metha -a gas dilution technique in which nitrogen is washed out of the lungs and collected in a large spirometer by inhalation of pure oxygen througl~ a series of one-way valves over a specikic period of time.
Pack Years -the number of cigarette packs smoked pbr day multiplied by the number of years smoked.
Pneumatametric Method -a method of indirectly determining lung volumes through the use of whole body plethysmography (Wilmore, 1969) .
Residual Volume -the volume of gas remaining in the lungs following a maximal exhalation (Boren, Kory, & Synar, 1966) .
S~irometer -an air-tight device consisting of two metal containers, one inverted over the other and sealed with water, capable of direct measures of lung volumes by the recording of inspirations and expirations on a rotating drum attached to a spirometer (Fox et al., 1988) .
Introduction
The purpose of this study was to examine the relationship between RV determined by a spirometer method versus a bag method. It was also the purpose of this study to test the validity and reliability of the new bag method.
The proposed bag method differs from the established closed circuit, oxygen dilution spirometer method in several respects. First, the proposed method uses a less expensive volume'~ca1ibration syringe and an inexpensive rebreathing bag that can be easily sterilized, whereas a more expensive spirometer is needed for the established reference method (Wilmore, 1969) . The dead space is also qreatly reduced. and easier to measure with the bag method. Another advantage of the bag method is that the water level and humidity effects present with a water sealed spirometer are eliminated. This chapter will discuss literature related to this study. The history of RV measurement and the relationship of RV to various physical characteristics will be discussed.
History of Residual Volume
The history of lung volume measurement dates back to the 1670's when Borelli made an early effort to try to determine the volume of air in the lungs (Lundsgaard & VanSlyke, 1918) . In 1788, Goodwyn reported in his own experiments that the lungs contain a considerable amount of air, even after complete expiration, and this quantity varied in b subjects in proportion to the capacity of their thorax (Lundsgaard & VanSlyke, 1918) . It was Sir Humphrey Bavy, in 1800, who defined RV as the quantity of air remaining after a maximum expiration (Lundsgaard & VanSlyke, 1918) .
Throughout history a number of methods have bean introduced for the indirect analysis of RV measurement. The methods today can be divided into the three groups proposed by Christie (1932) and Wilmore (1969) : 1) pneumatometric method, using some form of plethysmogragh, 2) closed circuik method, where there is dilution and eventual equilibration of an inert tracer or indicator gas such as helium, hydrogen or nitrogen, and 3) the open circuit method, where nitrogen is IVwashed outu of the lungs during a specified period of oxygen breathing.
Pfluger, in 1882, developed the pneumatometric method based on Boylets Law, which states that the volume of gas varies inversely with the pressure to which it is subjected.
An air-tight chamber connected to a spirometer is required for this method. The subject is able to breathe room air through a mouthpiece connected to an opening in the chamber.
Inspiratory and expiratory processes cause air displacement inside the chamber, which is detected and then recorded on a spirometer. Expiration is then completely obstructed and the subject is instructed to make a maximal inspiratory or expiratory effort against this total resistance. The amount j of air in the lungs is determined by measuring the change in * pressure at the mouthpiece and the extent to which the thorax has expanded. DuBois, Botelho, Bedell, Marsall, and Comroe, (1956) developed the technique of body plethysmography by applying more precise pressure measurements to Pflugerls technique.
There are a number of drawbacks to the pneumatometric method which requires a specialized chamber that has been described in the past to be very cumbersome and difficult to maintain (Christie, 1932) . ~uddsgaard and VanSlyke (1918) described the method Goodwyn used in 1788 which was determined postmortem by filling the pleural cavity with water and compressing the lungs against a fixed diaphragm. Lundsgaard and VanSlyke (1918) described a closed circuit, oxygen dilution method to measure RV where the subject expired completely and then inspired from a bag or spirometer containing a known amount of nitrogen, oxygen, or hydrogen, which mixed with the air in the lungs when respired from five to seven times. Then the mixture was analyzed and the RV calculated from the degree to which the air in the chest had diluted the gas in the bag or spirometer. Christie (1932) capacity (Motley, 1957) . Weiner and Cooper reported that the closed circuit, helium dilution method, using air, is simpler'; easier to perform, and more rapid than the method of helium diluted with oxygen (Motley, 1957) . Wilmore (1969) (Wilmore, 1969) .
In 1980, Wilmore, Vodak, Parr, Girandola, and Billing
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proposed a further simplified method for determining RV. This method eliminated the need for a nitrogen analyzer and a spirometer by using oxygen and carbon dioxide analyzers to determine the point of nitrogen equilibration and a 5-liter rebreathing bag to contain the oxygen. This simplified method reduced the total test time to 5 minutes or less.
This method was found to be both reliable (r = .99) and valid (r = .92), with a standard error of prediction of 125 ml, and a mean difference of only 8 ml, when compared with the established oxygen dilution technique.
The Relationship of RV to Various Phvsical Characteristics
Provided below is a review of literature pertaining to selected physical characteristics and their relationship to RV .
RV and Aae
Brozek (1960) reported a gradual increase of RV with aging due to the reduced elastic recoil of the lungs and thorax. He went on to state that RV values may be a tool in establishing the physiological age of an individual. Many other researchers have since investigated the effect age has on RV (Boren et ale, 1966; Cox, 1989; Crapo, Morris, Clayton, and Nixon, 1982; Goldman & Becklake, 1959 Height and weight were determined with the subjects I wearing street clothes without shoes.
Instruments Used
-
The following is a description of each instrument used during the test procedures:
Baa RV Method -A modified closed circuit, oxygen dilution method (Wilmore, 1969) was used to measure oxygen and for calibration purposes.
Testins Procedures
Before testing either method the nitrogen analyzer was allowed to stabilize on room air and then the "adjustu knob was set to display 18.6, while sampling the calibration gas.
The calibration gas was a mixture of oxygen and nitrogen.
The oxygen content was determined by the method of Scholander (1947) , and the nitrogen content was determined by subtraction. The nitrogen analyzer was then allowed to sample room air a second time and the reading was recorded.
All tests were conducted with subjects in a sitting position and inclined slightly forward. Each subject's RV was measured by both methods in the same physical location and with the same body position.
I
The procedures were explained to the subjects while the systems were being flushed with oxygen for use. A mouthpiece marked with two lines was then set in place. One line was to show the point to which it should be inserted into the mouthpiece adapter and the other to show the subject where to position the lips around the mouthpiece.
The procedures for the two methods vary slightly as explained below.
Sgirometer Method ~efore testing of each subject, the water level in the spirometer was checked and filled to a predetermined level to maintain a constant dead space. The spirometer circuit was flushed with oxygen three times using 4 to 5 liter volumes. The spirometer was emptied except for the constant dead space and the 2-way valve was turned to connect the mouthpiece to room air. A volume of oxygen was then put into the spirometer and measured by noting the pen position on the chart paper. At this time the subject was asked to put on a nose clip and seal the mouth around the mouthpiece.
The subject was then instructed to take a full inhalation and exhale maximally. After exhaling to the fullest possible extent the subject raised an index finger to signal the researcher. At this point the researcher connected the subject to the oxygen-filled spirometor and instructed the subject to breathe in and out rapidly and deeply until a nitrogen equilibrium was reached between the lungs and the \ spirometer.
Bas Method
The bag circuit was flushed two times using 4 to 5 liters of oxygen. During the second flush, the two-way valve connecting the mouthpiece was opened to allow oxygen to fill the cut out in the valve plug. This volume was included in the oxygen dead space. An arbitrary amount of oxygen was then put into the bag. In order to establish the same conditions, oxygen was humidified by bubbling it through a water bottle before it passed into the rebreathing bag. A volume calibration syringe was used to draw the oxygen out of the bag so it could be measured. After the measurement was recorded the oxygen was pumped back into the bag. A pneumatic switch inflated a balloon valve to close the bottom of the bag. At this point the subject put on the nose clip and sealed the mouth around the mouthpiece. The subject was then instructed to take a full inhalation and exhale maximally. After exhaling to the fullest possible extent the subject raised an index finger to signal the researcher. At this point the researcher connected the subject to the oxygen-filled bag and instructed the subject to breathe in and out rapidly and deeply until a nitrogen equilibrium was reached between the lungs and the bag. 
Where: BTPS = Body temperature (37 degrees C), ambient pressure, and 100% water saturation. Used for all gas measurements dealing with lung
volumes (Fox et al. 1988) . 1) The average water volume contained in the curved dome of the spirometer bell was 132 ml by water containment.
2) The average water contained in the vertical spirometer tube and the horizontal connecting tube leading to the respiratory valve was 485 ml.
3) 1. The vertical tube of the spirometer had a radius of 1.75 cm. This tube projected up 3.5 cm into the dome of the bell. The volume contained by this section of tubing (to be deducted from the total), was calculated as follows:
(3.14) (1.75 cm)' (3.5 cm) = 34 cm3 = 34 ml 4) When the spirometer was filled with water to a previously established line a constant air space extended 2.54 crn below the curved dome at the top edge of the spirometer bell (radius = 8 cm). The following equation was used to determine the amount of dead space enclosed:
(3.145 (8 cm)' (2.54 cm) = 510 cm3 = 510 ml
The total dead space in the spirometer was equal to 1.093 liters:
132 ml + 485 ml -34 ml + 510 ml = 1093 ml
The dead space was also determined by dilution giving an average (n = 12) of 1.140 liters which was used in testing as shown in Table 2 .
, 
Calculation
The following equation was used to determine unknown spirometer volumes by dilution:
where: PVDS = Pump Volume Dead Space
The dead space on the pump side of the spirometer system was determined by measuring the volume of water that the space could contain. The measurements consisted of four parts. The average of three measurements was used for each part :
1) The average water volume contained in the cutout of the repiratory valve on the handle side of the plug was 13 ml .
I.
2) The average water volume contained between the plug and screw-in port of the respiratory valve was 2 ml.
3) The average water volume contained inside the kwo connecting ports (1.375 inch O.D.) plus the plug cutout and the connecting port (1.375 inch O.D.) on the other side was 82 ml.
4) The average water volume contained inside the mouthpiece and rubber adapter was 45 ml.
The total dead space on the oxygen side of the spirometer system was 142 ml:
13 ml + 2 ml + 82 ml + 45 ml = 142 ml When calibrating with the volume calibration syringe the mouthpiece and adapter were removed thus reducing the dead space by 45 ml. The syringe dead space of 290 ml was also added giving a total of 387 ml of dead space on the syringe \ side for calibration:
142 ml -45 ml + 290 ml = 387 ml
Bas Dead Space
The dead space in the bag system was determined by measuring the volume of water contained to the nearest milliliter. The dead space on the oxycjsn side consisted of three parts with the average of three measurements taken for each part:
1) The average water volume contained in the right angle cut through the value plug in the repiratory valve was 11 ml.
3) The average water volume contained in the 22 mm port and the neck of the rebreathing bag (with a thumb pushing the bag against the port) was 18 ml.
The total dead space on the oxygen side of the bag system was 31 ml:
11 ml + 2 ml + 18 ml = 31 ml
The dead space on the subject side of the bag system was determined using the same procedures. The subject side dead space consisted of two parts. The average of three measurements was used for each part:
1) The average water volume contained in the 22 mm port, the adapter, and the mouthpiece was 67 ml.
2) The average water vblume contained between the plug and screw-in port of the respiratory valve was 2 ml.
The total subject side dead space for the bag system was 69 ml: 67 ml 9 2 ml = 69 ml
Subi ects
The subjects involved in this study consisted of 45 females and 45 males from 18 to 69 years. The subjects were volunteers from the La Crosse, Wisconsin area. The subject characteristics of age, height, and weight are summarized in Table 3 .
In this study the male subjects were similar in height, weight and age to subjects in two other studies (Boren, et aP. 1966; Koenig, 1990) . The female subjects in this study were also similar in characteristics to those in three other studies (Cox, 1989; Marshall, 1957 The results of the pilot study are presented in Table 4 .
The t-statistic of -1.019 indicated no statistically significant difference between the means. A t-statistic of +2.365 was necessary for significance at the .05 level.
- Note. n = 8 RV mean is the mean of spiro mean and bag-mean
RV Measurement
The means and standard deviations of the bag RV method and the spirometer RV method trials for all 90 subjects are reported in Note. All values are mean 2 standard deviation.
The,RVs reported in the present study are in close agreement with the values reported in other studies, as shown in Table 6 .
When each independent variable was analyzed singularly, with the male and female data pooled, age showed the highest correlation to RV as in previous studies (Boren et al. 1966; Cox, 1989; Goldman & Becklake, 1959; Koenig, 1990;  Russell,
The correlation sf RV with age in the present study is higher than studies have shown in the past (Boren et al. 1966 ; Goldman & Becklake, 1 9 5 9 ) studies with females only done by Cox ( 1 9 8 9 ) and Russell ( 1 9 8 7 ) , and a study on males only done by Koenig ( 1 9 9 0 ) . The correlation coefficients for the independent variables of age, height, and weight are presented in Table   When the independent variables were analyzed by gender, age was shown to have a much higher correlation with RV in males than females as reported in Koenig, 1990 CHAPTER V
CON~LUSIONS
Summary
The purposes of this study were to propose a modification of an existing method of obtaining RV which reduced the cost of the system and the amount of dead space.
In addition, an attempt was made to establish the validity and reliability of the method which resulted from this modification. Residual volume was calculated v:-a both methods and paired t-tests were used to determine the significance at the .05 level.
A high test-retest correlation between duplicate trials of the bag method (r = .996) and the spirometer method (r = .996) suggested that reliable measures were taken with each method.
There were no statistically significant differences between the means of the bag and spirometer method as indicated by a dependent t-test.
The bag method was found to have many advantages over the spirometer method through the course of this study. The calculation of dead space was simplified and substantially reduced with the bag method as compared to the spirometer method. The problem of water level and humidity was elevated with the bag method. The cost of the RC' system was substantially reduced with the bag system.
Conclusions
The following conclusiohs resulted from this study:
1. There was no significant difference between RV measured by the bag method as compared to that measured by the spirometer method. The null hypothesis was accepted.
2. There was no sicjnifisant difference between repeated measures of RV mezsured by the bag method. The null hypothesis was accepted.
3. There was no significant difference between repeated '. measures of RV measured by the spirometer method. The null hypothesis was accepted.
4. There was no significant difference between RV measurements obtained by the first method tested and the second method tested (i.e., there was no ordering effect). The null hypothesis was accepted.
Recommendat ions
The following are recommendations for future studies:
1. Use the data from this study in various prediction equations.
2. Set up the same study using a larger group of subjects with a wider age spread. 
